472 
Associate Editor 


HERBERT E. Griswo.p, Jr., M.D. 
Portland, Oregon 


Modern Concepts of Cardiovascular Disease 


Lhe / Published 


monthly by the AMERICAN HEART ASSOCIATION 33,1 
44 East Street, New York 10, N.Y. 
Editor 

Howarp P. Lewis, M.D. NO\ 
Portland, Oregon Associate Editor 


“a 


w 


FRANKLIN J. UNDERWoop, M.D. 
Portland, Oregon 


Copyright 1956 by American Heart Association 


Vol. XXV 


OCTOBER 1956 


No. 10 


Atrial fibrillation in man is a condition which 
is characterized by undulatory and twitching 
movements of the atria. The lack of a normal 
coordinated contraction is based upon a dis- 
turbance of electrical impulse formation, the 
exact nature of which is obscure.’ As a result, 
both electrical and mechanical evidences of atrial 
activity appear grossly disturbed. In addition, 
in most, but not in all cases, atrial fibrillation 
is associated with a total disorder of the ven- 
tricular rate and, in consequence, of pulse and 
pulse volume. This results in the well-known 
“irregular irregularity” of the heart beat which 
is almost the only way by which the diagnosis 
of atrial fibrillation can be made at the bedside; 
careful evaluation of the jugular venous pulse 
is another diagnostic aid. It is clear that the 
diagnosis based on the ventricular response is 
indirect and can only be carried to a high degree 
of suspicion. A definite diagnosis of the atrial 
“dysrhythmia” is only possible by graphic 
methods. 

The ventricular irregularity is the result of 
multiple waves of excitation bombarding the 
atrioventricular junction which is known to be 
a region of limited capacity for conduction. The 
fastest ventricular response apparently coincides 
with the refractory period of atrioventricular 
nodal tissue and the longer intervals are mul- 
tiples of this period.” On close analysis the 
“complete” irregularity, therefore, does follow 
a certain pattern, which is related to the conduct- 
ing capacity of the atrioventricular node. More 
important, perhaps, is the observation that a 
reasonably slow, though irregular, resting ven- 
tricular rate may rise precipitously upon even 
mild exertion,** a fact that is not always over- 
come by digitalis therapy. Obviously, even with 
a normal minute volume this represents a need- 
less expenditure of energy. At the onset of atrial 
fibrillation, the ventricular rate is often exces- 
sively high even at rest, and hemodynamic 
measurements in animals during this phase have 
demonstrated a decline in cardiac output.** This 
is an acute reaction which gradually corrects 
itself, and after some time cardiac output rises 
again to normal levels even though atrial fibril- 
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lation continues. In man, the sudden rise in 
heart rate at the onset of atrial fibrillation may 
explain the occurrence of heart failure in some 
patients shortly after the irregularity has oc- 
curred. In the following we are not concerned 
with these acute adjustments, but shall limit the 
discussion to “chronic” atrial fibrillation with a 
moderately slow resting ventricular rate. 

If one considers the possible influences of 
atrial fibrillation on various hemodynamic para- 
meters, two factors have to be considered: (1) 
ventricular irregularity and the tachycardia on 
exercise, and (2) the onset of what in effect 
might be called an atrial paralysis. If heart 
failure is the result of faulty energy conversion 
within the myocardium,’ the sudden demand for 
increased energy expenditure resulting from a 
ventricular tachycardia, even if it only occurs 
on exertion, may overtax a diminished reserve. 
The rate-failure relationship may explain why 
occasionally heart failure or angina pectoris 
occurs in subjects with advanced cardiac disease 
when atrial fibrillation with a slow ventricular 
response is converted to a normal sinus mechan- 
ism which may have a basically faster and less 
controllable rate. We have seen such instances. 
On the other hand, heart failure may clear 
rapidly upon conversion to sinus rhythm even if 
the ventricular rate is changed but little and 
while the patient is confined to bed.’ Subjective 
“improvement” upon conversion, even when con- 
gestive failure is not present, may be striking 
because the sudden cessation of a tumultuous 
ventricular action, if discernible to the patient, 
is often greeted with a great sense of relief. Yet 
some patients are able to separate this effect 
from what one might call “hemodynamic” symp- 
toms; they may note ease of respiration with 
greater chest excursions (decrease in pulmon- 
ary turgescence?) and better exercise tolerance 
(improvement in cardiac output?), even if they 
have been unable previously to sense the irregu- 
lar ventricular action. 

The salient problem, namely, whether cardiac 
function improves upon conversion or not, cen- 
ters around the question of how much the con- 
traction of a normal or of an hypertrophied 
atrium contributes to diastolic ventricular filling. 
A recent textbook assigns supplementary dias- 
tolic filling by atrial contraction to “around 30 
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per cent” of the total. This figure is based on 
open-chest experiments in dogs under vagal 
stimulation’! and may not properly reflect the 
atrial contribution to ventricular filling under 
physiologic conditions and with an intact thora- 
cic cage. There is, however, very little direct 
evidence bearing on this obviously crucial infor- 
mation, and there is none concerning the role of 
an hypertrophied atrium contracting against a 
narrowed orifice. 

The following considerations may be of some 
help in this respect: Left heart catheterization by 
atrial puncture permits the almost simultaneous 
recording of pressure from the left ventricle and 
from the left atrium. Therefore, exact hydraulic 
principles may be applied to clinical problems 
with the hope of greater success than when such 
calculations were by necessity based on less exact 
measurements. Blood flow from the left atrium 
into the left ventricle through the fixed orifice of 
a severely stenosed mitral valve closely simulates 
conditions which apply to flow of any liquid 
across an orifice, providing the opening of this 
“nozzle” is at all times smaller than the chamber 
on either side.!? Under such conditions, for each 
instance of time, the volume of diastolic filling 
is directly proportional to the square root of the 
pressure differences between the two reservoirs on 
either side of the orifice. If one plots the dif- 
ferences which may be obtained by left atrial 
puncture as the square root against diastolic fill- 
ing time, the area under the curve is proportional 
to the volume of blood flow throughout diastole. 
In subjects with mitral stenosis and atrial fibril- 
lation such a plot reveals high flow with rapid 
ventricular filling during early diastole, followed 
by a gradual decline until the onset of the next 
systole. If normal sinus rhythm is present, atrial 
contraction augments flow during the late diastolic 
phase, but to a surprisingly small degree. Such 
calculations indicate that an appreciable increase 
in flow during atrial systole is not likely to be 
encountered under any clinical condition. Perhaps 
of greater significance is the fact that in atrial 
fibrillation the rate of ventricular inflow at the 
end of diastole is still approximately 60 per cent 
or more of the peak value. One can imagine, 
therefore, how an increase in cardiac rate, with 
shortening of diastole, could seriously interfere 
with cardiac filling. These considerations demon- 
strate that impaired atrial contraction should 
interfere less with ventricular filling than an 
unbridled tachycardia. This applies to subjects 
with mitral valve stenosis, but may not apply 
under other circumstances. 

Hemodynamic measurements in man obtained 
during atrial fibrillation and repeated after con- 
version to a normal sinus mechanism have al- 
ways shown some increase in cardiac output, 
irrespective of the underlying etiology.’*"* The 
average “improvement,” however, has often been 
of questionable significance because of the rather 
large variabilities inherent in all flow measure- 
ments on human subjects, even when obtained 
by cardiac catheterization. In some instances 
improvement was striking; in others no effects 
could be demonstrated. Data from this labora- 
tory have shown that in “compensated” subjects, 
output on mild exercise was often higher during 
normal sinus rhythm than during fibrillation 
even when cardiac status otherwise appeared 
relatively unchanged.” Repetitive studies of this 
sort performed on separate days (once before 
and once after conversion) are always subject 
to many influencing factors of which the presence 
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or absence of atrial fibrillation is only one. The 
variables inherent in the design of such an 
experiment may be reduced if normal rhythm 
is restored during one experimental session, for 
example by the use of intravenous quinidine. 
Under these circumstances, however, the in- 
fluence of quinidine itself has to be taken into 
account. Administered by the parenteral route, 
quinidine even in large doses exerts little if any 
hemodynamic effects, and certainly does not 
improve cardiac function (Table I). In subjects 
who converted to a normal sinus rhythm under 
such a regimen, no striking improvement in 
over-all cardiac function could be demonstrated. 
However, all patients who were successfully re- 
stored to a normal sinus rhythm responded with 
an increase in stroke volume on exercise, which 
is another way of saying that they had lost the 
exercise tachycardia so characteristic of many 
subjects with atrial fibrillation. Obviously a 
more economical situation prevailed. One might 
suspect that in some individuals this could spell 
the difference between normal function and 
heart failure. Table I shows some examples of 
such hemodynamic studies: Subject F.B. showed 
few, if any, alterations following conversion 
except those resulting from changes in heart 
rate; patient W.K., on the other hand, demon- 
strated obvious improvement of exercise per- 
formance after conversion, both in stroke and 
minute volume. 

What might be the practical consequences of 
such considerations? Obviously there is no 
simple answer. The contribution that atrial sys- 
tole makes to ventricular filling at rest and on 
exercise is still unknown, and in many subjects 
conversion to regular sinus rhythm is followed 
by little if any hemodynamic improvement. In 
some, cardiac output may rise slightly after 
conversion, or at least exercise tolerance may 
improve. In others in whom an excessive rise 
in the ventricular rate on exercise (or following 
vagal blocking) was present during the period 
of atrial fibrillation, the restoration of a normal 
sinus mechanism may be beneficial because now 
a more economical exercise response is achieved. 
Should one then insist on conversion once atrial 
fibrillation has been discovered? The answer 
here is a conditional yes, and partly of course 
because of factors not directly concerned with 
the hemodynamic consequences of the atrial dis- 
order. If failure has occurred with the onset of 
the fibrillation and cannot be brought under 
control by the usual methods, either a lack of 
a needed atrial supplementary filling might be 
suspected as the cause, in spite of the arguments 
mentioned above, or an excessive rate response 
has occurred and conversion is indicated. Natu- 
rally, the well-known frequency of embolic epi- 
sodes, particularly in rheumatic subjects of 
older age, has to be considered. Against these 
arguments for conversion one must also weigh 
the disadvantages of quinidine intoxication, the 
dislodging of recent thrombi with the onset of 
coordinate contractions, and the rather poor 
long-term success of maintaining a normal sinus 


TABLE I 
Examples of Hemodynamic Adjustments to Quinidine and to Atrial Fibrillation 


Oxygen | Ventilation | Cardiac 
Patient Consumption 1/min. Output 
m BTPS 1/min./m? 


— | Heart | Pulmonary Systemic 

olume | Rate | Pressure Artery 

ml./beat/ | beat/min. | mm.Hg Pressure 
m? | | mm.Hg 


Cc. Q. Q. Cc. Q. 


1) R.C., NSR, Age 27 | | 
0.8 Gm. quinidine,iv. R || 161 147] 84 8.0/5.7 5.7|74 59) 70 88 24/10 18/5 | 140/76 132/72 
(normal) X || 370 365] 18.1 18.2 69 |68 56 100 110 24/9 20/10 | 153/80 135/76 
AF NSR| AF NSR|AF NSR|AF NSR AF NSR| AF NSR AF NSR 
2) F.B., AF, Age 37 | | 
1.2 Gm. quinidine,iv. R || 130 4.7 40/34 25174 56 84 56 | 18/6 22/15 | 100/60 115/70 
(idiopathic) X || 518 542 )/20.8 23.1 54/67 95 135 95 | 24/12 28/15 | 150/85 150/70 
3) W.K., AF, Age 58 | | 
(arteriosclerotic) R || 109 104] 6.7 76)1.6 13/41 52 75 50 25/0* 35/5* | 125/80 140/80 
X |} 157) 175/102 115/15 29/23 95/130 62 42/10* 47/7* | 160/90 150/85 
Control 
Q. After quinidine 


AF Atrial fibrillation 

Normal sinus rhythm 

R Resting values 

».¢ Values on exercise 

STPD Corrected to 0°, 760 mm., dry 


BTPS Corrected to body temperature, barometric pressure, saturated 
* 


Right ventricular pressure 


rhythm, particularly if large initial doses were 
required. 

Many extenuating conditions have been men- 
tioned that color the clinical picture of atrial 
fibrillation. Others have not been considered 
here. The decision to attempt to convert atrial 
fibrillation to normal sinus rhythm must remain 
an individual problem. The multiplicity of 
factors involved in that decision precludes the 
use of rules based on statistical evidence, and 


requires the discriminating ability of a careful 
physician. 


Hans H. Hecut, M.D. 
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Ramon L. Lance, M.D. 
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THE AMERICAN HEART ASSOCIATION 
Invites You to Attend 
THE ANNUAL MEETING 
OCTOBER 27 THROUGH NOVEMBER 2, 1956 
and 
THE 29TH ANNUAL SCIENTIFIC SESSIONS 
EVENING OF OCTOBER 26 AND OCTOBER 27, 28, 29 
CINCINNATI, OHIO 


FIFTH INTER-AMERICAN CONGRESS OF CARDIOLOGY 
HAVANA, CUBA, NOVEMBER 11-17, 1956 


This Congress is to be held in Havana under the sponsorship of the Inter- 
American Society of Cardiology and the Cuban Society of Cardiology. 

The Cardiological Convention will take place at the Rosita de Hornedo 
Hotel and Blanquita Theater, conveniently located by the sea in the Miramar 
section, Marianao. 

The Scientific Sessions will be addressed by distinguished medical person- 
alities of North and Latin America. In addition to lectures, symposia and panel 
discussions, there will also be a section on medical films and scientific and 
technical exhibits. 

Special arrangements have been made to secure a simultaneous translation 
(English, Spanish and Portuguese) keeping the audience informed of every 
detail of the discussion irrespective of the language of the speakers. 

For further information, write to Dr. Rafael Perez Diaz, Secretary, P. O. 
Box 2108, Havana, Cuba. 


CARDIO-VIEWS System 


This set of twenty-four 3-D Koda- 
chrome views of the heart, great ves- 
sels and cerebral circulatory system 
provides a realistic review of the im- 
portant anatomical features of the 
human cardiovascular system. In each 
Cardio-View structures are identified 
with numbered markers and a brief 
description of the view is printed on 
each card. The valves, interior of the 
chambers of the heart, and vascular 
changes are all clearly visualized. 
This packaged unit does not contain 


Price $5.00 Postpaid Cardio-Viewer $1.25 Postpaid a viewer. 


To order or obtain further information on this unit, contact: 


YOUR HEART ASSOCIATION 


or 


American Heart Association 44. East 23rd Street 
New York 10, New York 
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